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PROBLEM TO BE SOLVED: To provide high energy density and a high voltage by providing an olivine 
structure and using a compound having a specified composition. 

SOLUTION: This compound is represented by LiM1- XMeXP04 (M: CO, Ni, Mn; Me: Mg, Fe, Ni, Co, Mn, 
Zn Ge Cu, Cr; 0<=x<=0.5). Preferably, an olivine structure has an orthorhombic symmetry having an 
orthorhombic symmetry space group Pmnb. Also, when the vales (a), (b) and (c) of the unit grating 
parameter of an orthorhombic phase are LiMnP04 , LiNiP04 , and LiCoP04 , these are preferably values 
within specified different ranges. Preferably, the compound having the olivine structure is included in an 
electrode as a positive electrode active material for a lithium battery, and preferably a negative electrode 
active material selected from this, electrolytic liquid, Li, and Li alloy, Lix Sn02 and a carbon material is 
provided in the battery. 
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1- Title : 

- Active material for lithium batteries * 



2- CLAIMS: 

The following are claimed: 

1- An active material of formula LiM^Me^ (M: Co, Ni, Mn), 
(Me: Mg, Fe, Ni, Co, Mn, Zn, Ge, Cu, Cr ) <0^0.5) having ax, 
olivine structure for lithium batteries. 

2- An active material in accordance with claim 1 where the olivine 
structure has an orthorhombic symmetry 

3- An active material in accordance with claim 2 in which the.unit cell 
parameters of the orthorhombic phase are: a=6.11±0.50A, 
b=l0.46±0.50A and c=4.73± 0.50A in the case of LiKnPO.; a= 
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5.86±0.50A, b=10.07±0.20A and c=4.68±' 0.50A in the case of 
LiNiP0 4 and a= 5.92±0.50A, b=10.21*0.50A and c=4.70± 0.50A in 
the case of LiCoP0 4 . 

4- An active material in accordance with claim 2 where the 
orthorhombic symmetry has a space group of Pmnb 

5- An electrode comprises a material in accordance with claim 1 as a 
positive active material for lithium batteries. 

6- A cell comprising a positive active material in accordance with claim 
5, an electrolyte and a negative active material which is Li, Li-alloy, 
Li x Sn0 2 , carbon materials. 

3- Detailed Description of Invention 

3-1 Description of previous work 

The rapid advance and miniaturization in electronics demand reliable, 
lightweight, high energy density batteries. Lithium batteries are promising 
in this regard as they offer higher voltage and energy density, and longer 
self-life. However, the chemical reactivity of a metallic Li anode with most 
non aqueous electrolytes as well as the safety problems associated with 
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metallic Li has hindered the development of rechargeable lithium batteries 
for several years. Recently secondary lithium batteries have received 
renewed interest with respect to employing a Li-insertion compound as 
anode instead of metallic Li to give the "lithium ion" batteries . This system, 
however, require careful selection of cathode and anode hosts . The layered 
LiMe0 2 (M: Co, Ni) [Mat. Res. Bull 15 (1980) 783, J. Appl. Phys. 19 
(1980) 305] and the three dimensional spinel oxide LiMn 2 0 4 [Mat. Res. 
Bull. 18(1983)461, Mat. Res. Bull., 19(1984)179] having a mid discharge 
voltage at about 4V against lithium have become attractive cathode for 
lithium ion batteries. More recently , other type of cathode materials were 
investigated for a possible use in lithium ion system. These compounds are 
composed of Nasicon related 3D framework such as LijVl^POJa M(Ti, V, 
Fe) and M 2 (S0 4 ) 3 (M: Ti, Fe) [ Solid State ionic 92 (1996) 1]. 

5-2 Summary of the invention 

The invention relates to a new active material of formula LiM x . 
A Me,P04 (M: Co, Ni, Mn) f (Me: Mg, Fe, Ni, Co, Mn, Zn, Ge, Cu, Cr ) 
(OsxsQ.S) which could be used as positive active material for lithium 
secondary batteries. 
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According to the invention, LiM I . x Me x P0 4 (M: Co, Ni, Mn), (Me: 
Mg, Fe, Ni, Co, Mn, Zn, Ge, Cu, Cr ) (OsxsO.5) materials present an 
olivine structure with an orthorhombic symmetry and a space group Pmnb. 

3-3 Description of the invention 

The invention will now be described, by way of non limiting 
illustrative examples, with reference to experiment which the applicant has 
conducted and with reference to the accompanying figures. 

EXAMPLE- 1 

UMnP04 in accordance of the present invention was prepared using 
a one stage reaction involving a stoichiometric mixture of Li 2 C0 3 , MnC0 3 
and (NHj) 2 HP0 4 . The mixture was first ground in an agate mortar and 
pressed into a pellet at 400kgf/cmi and then calcined in air at 450°C for 4 
hours followed by heating at 800°C for 24 hours. 

EXAMPLE 2 

LiMn UK Me x P04 (Me: Mg, Ni, Co, Fe) in accordance of the present 
invention was prepared using a one step reaction involving a stoichiometric 
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mixture of Li^, MnC0 5 , (Nfy 2 HP0 4 . and either FeC 2 0 4 ,2H 2 0 as iron 
source, MgO as magnesium source, Cqj0 4 as cobalt source, or NiO as nickel 
source. The mixture was first ground in an agate mortar and pressed into 
a pellet at 400kgf/cm 2 and then calcined in air at 450°C for 4 hours followed 
by heating at 800°C for 24 hours. In the case of iron doping, the calcination 
was carried out under nitrogen flow. 

EXAMPLE 3 

LiNiP04 in accordance of the present invention was prepared using a one 
step reaction involving a stoichiometric mixture of Li 2 C0 3 , NiO and 
(NH^HPO^ The mixture was first ground in an agate mortar and pressed 
into a pellet at 400kgf/cm I and then calcined under nitrogen flow at 350°C 
for 8 hours followed by heating at 750°C for 15 hours. 

EXAMPLE 4 . 

LiNi 1 . x Me x P0 4 (0=sx<;0.5) (Me: Mg, Mn, Co, Fe) in accordance of the 
present invention was prepared using a one step reaction involving a 
stoichiometric mixture of Li£0» MnC0 3 , (NH^HPC^ and either 
FeC 2 0 4 ,2H z O as iron source, MgO as magnesium source, G^O* as cobalt 
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source, MnC0 3 as manganese source. The mixture was first ground in an 
agate mortar and pressed into a pellet at 400kgf/cm 2 and then calcined in air 
at 350°C for 8 hours followed by heating at 750°C for 24 hours. In the case 
of iron doping, the calcination was carried out under nitrogen flow. 

EXAMPLE 5 

LiCoPCU in accordance of the present invention was prepared using a two 
step reaction involving a stoichiometric mixture of LL i C0 3 , Co 3 0 4 and 
(NH 4 ) 2 HP0 4 . The mixture was first ground in an agate mortar and pressed 
into a pellet at 400kgf/cm 2 and then calcined under air at 350°C for 9 hours. 
The material was cooled down, grounded and a pellet was again made by 
pressing at 400kgf/cm 2 before being heated at 750°C for 30 hours. 

EXAMPLE 6 

LiNi 1 . x Me x P0 4 (OsxsO.5) (Me: Mg, Mn, Co, Fe) in accordance of the 
present invention was prepared using a one step reaction involving a 
stoichiometric mixture of Li 3 C0 3 , Cofi A , (NH,)zHP0 4 . and either 
FeC 2 0 4 ,2H 2 0 as iron source, MgO as magnisium source, NiO as nickel 
source, MnCO^ as manganese source. The mixture was first ground inan 



( 12) 



ttBIPPl 1-25983 



agate mortar and pressed into a pellet at 4O0kgfycnr and then calcined in air 
at 35CTC for 8 hours followed by heating at 750°C for 24 hours. In the case 
of iron doping, the calcination was carried out under nitrogen flow. 

Fig.l A, B, C show the X-ray diffraction patterns of a pure 
LiMnP0 4 , LiNiP0 4| UC0PO4, respectively, obtained according to the 
present invention. All three X-ray diffraction patterns could be indexed 
with orthorhombic symmetry and a space group Pmnb. The unit cell 
parameter of LiMnP0 4 deduced after indexing the corresponding pattern 
are: a= 6.11±0.5A, b=10.46±0.5A and c=4.73± 0.5A ; Those 
corresponding to LiNiP0 4 are a= 5.86±0.5A, b=10.07±0.2A, c=4.68± 
0.50A, and those corresponding to LiCoP0 4 are a= 5.92±0.5A, 
b= 10.21± 0.5A, 0=4.70*' 0.5A. 

Fig 2 shows an example of the cyclic voltammetery of LiCoP0 4 . The 
material exhibit one oxidation peak at 5.1 V and one reduction peak at 4.7V. 
In addition, an other strong reduction peak is observed at around 0,7V, but 
no corresponding oxidation peak was observed. In this case, LiPF 6 
dissolved in sulfolane which is known to bear up to 6V was used as 
electrolyte. 
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Fig.3 shows the charge and discharge of the first cycle of the material 
LiCoP0 4 of the present invention. The test was conducted in Teflon cell 
type using LiPF, + sulfolane as electrolyte at a current density of 

O.imA/cm 2 The cell comprises a negative electrode ( 87% of the active 
material of the present invention, 5% carbon black, 8% PYDF), a lithium 
counter and a lithium reference. First the cell was charged to extract 
lithium from the material of the present invention and then discharged to 
insert lithium ions back. The cell shows a flat plateau at 4. 7 V during the 
discharge process with a capacity of 80mAh/g. The charge capacity, 
however, is slightly higher with about 105 mAh/g. This value are still lower 
than the theoretical capacity which is of 167mAh/g in the case of romoving 
and extracting one lithium, but could be improved by optimizing the 
preparation condition. 

Hg.4 shows the charge and discharge of the first cycle of the material 
LiCoP0 4 of the present invention. The test was conducted in Teflon cell 
type using LiPF 6 + sulfolane as electrolyte at a current density of 

O.lmA/cm 2 . The potential range for charging and discharging the cell was 
between 1^V<5.3. In addition to the 4.7V plateau observed during the 
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discharge process, an other plateau at around IV could be observed The 
over all capacity is very high about 350 rnAh/g 

3- 4 Merits of the invention 

The invention relates to a new active material of formula LiM^ 
x Me x P0 4 (M: Co, Ni, Mn, Me: Mg, Fe, Ni, Co, Mn, Zn,Ge, Cu, Cr ) 
(0<x^0.5) having an olivine structure which could be used as positive 
active material in lithium ion battery system with a capacity as high as 
170mAh/g and a potential as high as 5V. 

4- Brief Description of Drawing 

Fig. 1-A shows the X-ray diffraction pattern of the material LiMnP0 4 of 
the present invention 

Fig. 1-B shows the X-ray diffraction pattern of the material 

LiNiP0 4 of the present invention 
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Fig. 1-C shows the X-ray diffraction pattern of the material LiCoP0 4 of the 
present invention 

Fig. 2 shows the cyclic volatornmogram of the material LiCoP0 4 of the 
present invention. (Scan rate was 2mV/min) 

Fig. 3 shows the charge and discharge curves of the first cycle of a cell 
made of lithium counter, lithium reference and an electrode made of the 
active material LiCoP0 4 of the present invention. In this case the cell was 
charged at 5.3V and discharged at 1.5V 

Fig. 4 shows the charge and discharge curves of the first cycle of a cell 
made of lithium counter, lithium reference and an electrode made of the 
active material LiCoP0 4 of the present invention. In this case the cell was 
charged at 5.3V and discharged at IV 
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1-Abstract 

The iavention rates to a new active material of formula LiM,. 
,Me^>0 4 CM: Co, Ni. Kb. Me: Mg, Fe, Ni, Co, Ma, Zn,Ge, Ca, a ) 
losxsO.5) having an olivine structure, which coald be used as positive 
active material in lithium ion battery system 



2-Representative Drawing 
Fig. 3 



